INTRODUCTION
Twenty million people are infected with the parasitic nematode Onchocerca volvulus. The resulting disease, onchocerciasis, is the world's third leading cause of preventable blindness. These parasitic worms can survive up to 10 years in man, encapsulated in nodules in the subcutaneous tissue, where they produce and release microfilariae which are responsible for most of the pathology of the disease. During its development, the worm encounters a competent immune system and host phagocytic cells are often observed in the proximity of the parasite. Attempts to define mechanisms which aid in the long-term parasite persistence, and which explain parasite resistance to elimination by the host immune response, has led to the investigation of, among other things, the 0. volvulus anti-oxidant enzymes.
Anti-oxidant enzymes have been postulated to play a role in protecting parasitic nematodes from host-induced oxidative damage in addition to their normal, essential cellular scavenging functions [1] . Reactive oxygen species are produced as a normal by-product of aerobic metabolism, as well as by the burst of stimulated neutrophils and macrophages [2, 3] . These toxic oxygen species can damage nucleic acids, proteins and membrane lipids and therefore, can be lethal. Oxidative damage has been shown to be inversely related to life-span [4] . To protect against these potentially damaging oxygen species, aerobic organisms have developed a multi-layered anti-oxidant defence system in which the anti-oxidant enzymes superoxide dismutase (SOD), glutathione peroxidase and catalase, as well as non-enzymic antioxidants, play a pivotal role. A number of anti-oxidant enzymes have been characterized in parasitic nematodes [5] [6] [7] [8] [9] [10] [11] [12] .
The SODs are a family of metalloenzymes involved in the first line of cellular anti-oxidant defense by the dismutation of the (RACE) procedure with 0. volvulus total RNA and was found to possess a spliced leader sequence at the 5'-terminus. The deduced primary sequence encodes a 25 kDa protein, which has the conserved residues required for enzyme activity and metal binding. The 24 N-terminal amino acids encoded by the OvMnSOD cDNA comprise a putative mitochondrial transit peptide. The OvMnSOD gene was also isolated -from an 0. volvulus adult worm A fix lI genomic library, a restriction map was constructed and the nucleotide sequence determined. The OvMnSOD gene was found to possess five exons and four introns with consensus splice-site junctions. Potential regulatory elements were identified in the 5' genomic flanking sequence. Southern-blot analysis with total worm genomic DNA indicates a single-copy gene, with a restriction pattern consistent with that of the isolated gene.
superoxide radical into hydrogen peroxide and molecular oxygen. Superoxide is the one-electron reduction product of molecular oxygen. Over-expression of SOD has been shown to increase the mean life-span of Caenorhabditis elegans and Drosophila melanogaster [13, 14] . In eukaryotic cells there are three types of SODs, a cytosolic CuZnSOD, an extracellular CuZnSOD and an MnSOD. Although these enzymes catalyse the same reaction, the MnSOD is structurally distinct from the CuZnSODs and each is encoded by a different gene. The MnSOD is encoded in the nucleus, synthesized in the cytosol and imported posttranslationally into the mitochondrial matrix, where 90 % of the cell's oxygen is consumed. Mitochondria are especially sensitive to oxidative damage, due to their lack of histones and inefficient DNA repair [15] , and mitochondrial DNA damage is implicated in aging and in a number of degenerative conditions [16, 17] . Interestingly, the MnSOD is inducible by environmental oxidative stress [18] [19] [20] [21] [22] . Sequences encoding the two CuZnSODs in 0. volvulus have been described [8, 10, 23] . The MnSOD cDNA and gene from 0. volvulus are described here.
MATERIALS AND METHODS Parasites Adult 0. volvulus worms were isolated and prepared as previously described [24] . Briefly, onchocercal nodules were surgically removed from Liberian onchocerciasis patients and worms were isolated from the nodules by collagenase digestion. The worms were analysed microscopically for intactness and purity from contaminating host material and then maintained in liquid nitrogen until use. [26] . Four positive clones were identified and the nucleotide sequences were determined. The largest fragment of 874 bp was further characterized and the nucleotide sequence was determined completely [26] .
Completion of the OvMnSOD cDNA using 5' RACE Primer extension using 0. volvulus total RNA was performed to obtain the full-length cDNA sequence. Purified 0. volvulus RNA (1 ,ug) was used as the template in 5'-rapid amplification of cDNA ends (RACE; GIBCO BRL) as described by the manufacturers. Briefly, MnSODIO primer (5'-ATGTGTCCGCCA-GTGTTG-3') was used to prime the synthesis ofcDNA, followed by degradation of the template RNA and purification with GlassMax spin cartridges. The cDNA was tailed with deoxycytosine (dC). The dC-tailed cDNA was then amplified by PCR with the MnSOD4 primer (5'-CGGCTCCAAGGCTCCAT-3') and the (dG)-anchor primer. A subsequent PCR was performed with the MnSOD3 nested primer (5'-ATCGTATGGTAAAT-CAGG-3') and the anchor primer. The PCR products were analysed by 3 Figure 1 . The complete nucleotide sequences of both strands of this cDNA were determined as
AAGCGCTAGCAAAAGGAGATACACAGGCTGCTGTTGCTGGCACAAAATTAATGAATTTCA 300
TGAGCCAACAACAGGTCTAATTCCACTATTTTGCATCGATGTCTGGGAACATGCTTATT 600 E.c. on a 0.5 % agarose gel (Figure 3a) and analysed by the Southern transfer method using the radiolabelled OvMnSOD cDNA to probe the blot. The genomic 2.6 and 1.3 kb EcoRI fragments hybridized with the cDNA probe as shown in Figure 3b (lanes  1,2,5,6 ). In order to determine the complexity of the OvMnSOD gene, 0. volvulus genomic DNA was digested with EcoRI, resolved on a 0.8 % agarose gel and blotted onto a nitrocellulose membrane. The blot was hybridized with the entire OvMnSOD cDNA (Figure 3c ). Human DNA was included as a control to exclude the possibility that the MnSOD gene was derived from contaminating host material of the 0. volvulus nodule. A 2.6 kb 0. volvulus genomic DNA EcoRI fragment specifically hybridized to the OvMnSOD cDNA probe (Figure 3c, lane 1) , which is consistent with the restriction pattern of the isolated gene. The lack of additional hybridizing fragments indicates that the OvMnSOD is encoded by a single-copy gene. The 1.3 kb fragment, which hybridized to the cDNA in the phage DNA Southern blot, results from the hybridization of the 100 bp 3'-end of the OvMnSOD cDNA (Figure 3d ), which was not detected in the genomic Southern blot due to the small size of the hybridizing portion of the probe to the gene fragment and to the fragment copy number in the genomic DNA. Specific hybridization to 0. volvulus genomic DNA and not to human genomic DNA ( Figure 3c An examination of the intron/exon boundaries of the OvMnSOD gene revealed conserved 5'-GT-AG-3' intron splicesite junctions [34] . In addition, nucleotides which may also be involved in the splicing process were observed at identical positions in the flanking regions of all four of the OvMnSOD gene introns (underlined in Figure 4) . A thymine was observed at the sixth position downstream from the 5' splice junction and at the fifth and ninth positions upstream from the 3' splice junctions of all OvMnSOD gene introns.
The cDNA and genomic DNA exons were compared for nucleotide sequence differences. An adenine at position 19 in the cDNA corresponds to a guanine at position 493 in the genomic DNA. This results in the replacement of a GTC codon (Val) in the genomic DNA by an ATC codon (Ile) in the cDNA. However, this is in the leader peptide domain (amino acid number 7), and both amino acids share common characteristics (aliphatic and non-polar), hence neither enzyme activity nor mitochondrial translocation are expected to be altered.
Analysis of the 5' flanking sequences of the gene The OvMnSOD gene sequence was examined for potential regulatory elements. A GC-rich region was detected between positions 40 and 180 (Figure 4 ), which included a GC-like box (5'-TGGGCGGGAT-3') with 90% identity to the Sp-l binding hexanucleotide core sequence (complementary strand, position [39] [40] [41] [42] [43] [44] [45] [46] [47] [48] CTGATTATTGGCGTCGCAGGTCGCTTATTGGTTGGCAAGAAgaaa.ttagttaaagtttc 540
TTg. [28] and the rat gene [37] , as well as the 5' non-translated region of the bovine MnSOD gene [38] . The Unlike in humans [39] , rats [37] and mice [40] [44] . In eukaryotes, MnSOD, CuZnSODs, catalase, glutathione peroxidase and glutathione-S-transferase (GST) mRNA levels have been shown to be induced in various systems by oxidants. Interestingly, in certain eukaryotic cells which contain both the CuZnSOD and MnSOD, it is the MnSOD which is increased in response to oxygen toxicity threats. It has also been suggested by another group [22] These elements allow activation of genes by phorbol esters. The rat MnSOD gene also possesses three copies of the SV40 core enhancer sequence GTGG(T/A)(T/A)(T/A)G and one copy of the adenovirus EIA gene enhancer (A/C)GGA-AGTG(A/C) [37] . The bovine MnSOD gene promotor also lacks a CAAT and a TATA box, is GC-rich and contains two AP-2 and eight Sp-l consensus sequences [38] . The yeast MnSOD gene contains sequences similar to the upstream activation sites UAS1 and UAS2 [28] . Despite the appreciable homology of the OvMnSOD coding region to that of the rat, bovine and yeast MnSODs, the promotor sequences of the genes show a virtual lack of similarity. In addition to the promotor elements described in the rat, bovine and yeast MnSOD genes, the OvMnSOD 5'-flanking sequences were searched for general eukaryotic promotor elements, as well as specific promotor elements for stress-inducible genes [45] . However, only a potential CAAT box and Sp-I -binding site were identified. The significance of the Sp-I core sequence, the palindromic 10-mer/CAAT sequence and the copies of the 9-mer sequence have not been identified, but they may play a role in cis-regulation of OvMnSOD gene transcription.
The protective role that the MnSOD plays for the parasite 0. volvulus, along with other anti-oxidant and detoxification enzymes such as the CuZnSODs [10, 46] , glutathione peroxidase and catalase (K. Henkle-Duhrsen, V. Eckelt, M. L. Eschbach, C. Warnecke and R. D. Walter, unpublished work) and GSTs [47] [48] [49] , is currently being investigated. Parasite persistence in the host is certainly dependent upon coordinating the joint activities of these enzymes to maintain their well-being under oxidative stress.
